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Hyaluronidase is a mixture of enzymes, all the components of which have not
been identified. This mixture is known to depolymerize, liquefy and thus reduce
the viscosity of hyaluronic acid, a so-called "mucopolysaccharide" which is an
important constituent of the dermal gelatinous matrix or ground substance (1).
This action on the skin's ground substance facilitates the spread in the cutis
of certain foreign materials—such as infectious agents and their products, dyes,
fluids, etc. (2); and apparently it also increases the skin's capacity to become
hydrated (3). Extensive reviews on the normal and pathologic physiology of
the hyaluronic acid—hyaluronidase systems in various organs have been written
by Duran-Reynals (2) and K. Meyer (3).
A number of reports have appeared also on assays of hyaluronidase in normal
and diseased skin. Thus Claude and Duran-Reynals (4), and Meyer and cowork-
ers (5) have noted considerable enzymatic activity in rabbits' skin. Mayer,
Kocholaty and Stanton (6) in their first series of tests demonstrated the presence
of enzyme in the normal skin of guinea pigs; and found hyaluronidase to be
present in considerably increased quantities in guinea pigs' skin which was the
site of an inflammatory reaction either due to deliberately produced thermal
burns or due to an allergic contact dermatitis. These investigators suggested
that hyaluronidase plays a role in the spread of skin infiammations due to either
allergenic or primary irritant factors. However, subsequent to being informed
about the results obtained by the present authors in the investigations which
are to be reported here, Mayer and coworkers repeated their experiments (7)
and this time found that extracts of guinea pigs' skin, both normal and inflamed,
showed no hyaluronidase activity. They were unable to explain the discrepancy
between the results obtained in their two series of experiments.
Chain and Duthie (8) stated that the testicle in mammals is probably the
only organ which contains large amounts of hyaluronidase. However, these
investigators did not include extracts of skin in their studies. Glick and Grais
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(9) and Wattenberg and Glick (10) found no hyaluronidase activity in rabbits'
skin and Hunt and Minot (11) observed none in bulla fluid or skin extracts from
pemphigus patients.
EXPERIMENTAL
Method
Excision
Specimens of human skin in quantities of 6.5 mgms. to 996.1 mgms. and of guinea pigs'
skin in quantities of 2.062 to 3.015 grams were excised. The excision was accomplished
under infiltration anesthesia with 1% procaine hydrochloride and the maintenance of
aseptic conditions.
Preparation of Tissue Suspension
Skin specimens were prepared for extraction by one of the following three procedures;
a) serial sectioning of 20 micron thicknesses on a freezing microtome; b) repeated freezing
with carbon dioxide snow, grinding with sterile sand and thawing; c) a combination of
procedures a) and b).
Extraction of Tissue Suspension
Two methods were used as follows:
a) 2.5 to 10.0 ml of 0.1 M acetate buffer, pIT 6.0, containing 0.15 ml sodium chloride, was
added to the specimen. After storing for several minutes to 48 hours at 0°C., this was
centrifuged. 0.4 ml of the supernate and 0.6 ml of hyaluronic acid dissolved in acetate buffer
were then assayed viscosimetrically according to the method of McClean and Hale (12).
The hyaluronic acid was prepared according to Kass and Seastone (13) from umbilical cord
and made up in 0.417% (R.V.1 0.538) and 0.834% (R.V. 1.189) concentrations.
b) According to the method of Meyer (5) the macerated tissue was placed in 4cc of M/15
phosphate buffer, pH 5.0, containing 0.9% sodium chloride. This mixture was incubated
under toluene for 16 hours at 37°C. and centrifuged. The supernate and the hyaluronate
solution were then assayed viscosimetrically. For this purpose we used either 0.4 ml of
supernate and 0.6 ml of 0.417% (R.V. 0.538) or 0.834% (R.V. 1.189) hyaluronate (prepared
according to Kass and Seastone (13)) in phosphate buffer or 0.5 ml of supernate and 0.5 ml
of 0.3% (R.V. 4.3) hyaluronate (prepared according to Meyer (14)) dissolved in phosphate
buffer.
All extracts were subjected to bacteriologic examinations to make certain of their steril-
ity and those extracts which showed enzymatic activity in the tests were reexamined for
sterility after each positive test. Only the tests carried out with extracts which proved to
be sterile are included in the present report.
A. Tests with Normal Skin
In order to ascertain the reliability of the technical procedures being used for
demonstrating the presence of hyaluronidase, six volunteers received intradermal
injections of various quantities of sterile bovine testicular hyaluronidase 150
T.R.U.2 per ml of 1% procaine solution. The amounts injected contained 3.5 to
Flow time of substrate1 R.V. Relative Viscosity = . minus one.Flow time of buffer
T.R.TJ. Turbidity Reducing Unit—the amount of enzyme which will reduce the turbid-
ity of the substrate protein complex from that obtained by 0.2 mgm substrate to that ob-
tained with 0.1 mgm substrate.
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150 T.R.TJ. per site. Immediately after injection a specimen of injected skin and
a control specimen of uninjected skin were excised for assay. Four additional
human volunteers received an intradermal injection of 50 T.R.U. hyaluronidase
dissolved in 1 ml of procaine solution in each of three sites. These sites were
excised 10 minutes, 90 minutes and 180 minutes, respectively after injection.
Results
Extracts of uninjected normal skin failed to show any viscosity-reducing
activity.
Measured amounts of enzyme, added to mixtures of inactive skin extracts
and hyaluronate, produced viscosity reductions closely similar to those achieved
with the same amount of enzyme added to hyaluronate in buffer solution.
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GRAPH 1. Normal skin injected intradermally with hyaluronidase prior to excision.
Extracts of skin segments into which 3.5 to 150 T.R.U. hyaluronidase had
been injected immediately prior to excision effected a reduction in viscosity which
was roughly proportional to the concentration of hyaluronidase which had been
injected. This effect could be obtained even with tissue extracts which had been
stored at 0°C. for 72 hours. However, heating the tissue extracts at 60°C. for
15 to 20 minutes significantly reduced the enzymatic activity in all specimem
and completely inactivated the enzyme in one specimen. In all specimens com-
plete inactivation was produced by heating for 20 minutes at 100°C. (see graph
1).
Extracts of skin injected with 50 T.R.TJ. hyaluronidase three hours before
excision revealed enzymatic activity in only 1 of 4 specimens.
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Extracts of skin injected with 50 T.R.U. hyaluronidase 1 hours before excision
revealed enzymatic activity in 2 of 4 specimens.
Extracts of skin injected with 50 T.R.U. hyaluronidase 10 minutes before
excision revealed enzymatic activity in all four specimens.
B. Tests with Skin from Sites of Allergic Eczematous Reactions
In 17 subjects who were known to have an allergic eczematous contact-type
sensitivity to one or more allergens, patch tests were applied with the respective
allergens. 24 to 48 hours later, when the eczematous response had developed,
a specimen from the reacting site was excised; and, at the same time a control
specimen was excised from a symmetrically situated site of grossly normal skin.
Results
Extracts of both eczematous and normal skin from 16 of the 17 volunteers
failed to reveal any viscosity reducing activity. The one exception was a woman,
aged 42, who had an eczematous sensitivity to benzocaine. The extracts of her
eczematous and normal skin, when assayed immediately after excision, were
inactive. However, another assay carried out after storage at 0°C. for 24 hours.
revealed 5.5 V.R.U.3/gm of dry weight in the normal skin and 10.5 V.R.TJ./gm
of dry weight in the eczematous skin. Bacteriologic examination was repeated
and ruled out bacterial contamination as the cause of the enzymatic activity.
Repetition of the same test one month later with new skin extracts from this
patient failed to show any enzymatic activity (see graph 2).
C. Tests with Specimens of Skin Affected by Various Dermatoses
Extracts of skin from patches of lichen chronicus simplex circumscriptus (3
patients), contact dermatitis (2 patients), and sebaceous adenoma (1 patient)
failed to reveal any viscosity reducing activity.
Enzymatic activity was found in the skin removed from the back of a white
man, aged 37, with a pruritic, pigmented, grouped and papulovesicular eruption
of 2 years' duration, diagnosed as dermatitis her petiformis. This diagnosis was
confirmed histologically. A specimen excised on July 7, 1949 and extracted ac-
cording to Meyer (5) revealed 2.1 and 1.6 V.R.U./gm of dry weight, when assayed
with 0.417% and 0.834% hyaluronate (Kass and Seastone (13)), respectively.
Another specimen excised on September 14, 1949 and assayed with 0.834%
hyaluronate (Kass and Seastone (13)) revealed 1.44 V.R.U./gm of dry weight.
When these skin extracts were heated at 100°C. for 20 minutes, they were
completely inactivated (see graph 3).
Enzymatic activity was found also in the skin removed from the back of a
white man, aged 25, who had a discrete papular, crusted and pruritic eruption
of one month's duration. Unfortunately, it was impossible to establish a definite
diagnosis in this patient. Clinically the diagnoses of lichen chronicus simplex,
contact dermatitis and dermatitis medicamentosa were entertained, but the
'V.R.U. Viscosity Reducing Unit (12)—That amount of enzyme that will reduce the
viscosity of the substrate by one-half in twenty minutes.
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histologic examination suggested keratosis follicularis or chronic familial benign
pemphigus. The specimen from this patient revealed 0.1 V.R.U./gm of dry
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GRAPH 2. Assay of normal and inflamed skin in patient
tO
GRAPH 3. Assay of skin from case with dermatitis herpetiformis
weight. When this skin extract was heated at 100°C. for 20 minutes, it was com-
pletely inactivated. Unfortunately the patient did not consent to the excision
of another skin specimen.
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D. Tests with Specimens of Guinea Pigs' Skin
In three guinea pigs an area which had been shaved with a razor was burned
by applying a test tube containing water heated to 70°C. for 1 to 2 minutes.
This produced an area of erythema, edema and crusting. The burned areas as
well as normal control areas from the same guinea pigs were excised for vis-
cosimetric assay.
Results
Extracts of both burned and normal skin failed to reveal any viscosity reduc-
ing activity.
DISCUSSION
The results indicate that normal skin of human beings and of guinea pigs does
not contain any hyaluronidase detectable by the technical procedures employed
in our tests. Skin excised from eczematous allergic patch test reactions in human
beings and thermal burns in guinea pigs also failed to show viscosity-reducing
enzymatic activity.
The only exceptions were the skin extracts of one patient from the site of a
positive patch test and from a grossly normal site, both of which revealed enzy-
matic activity after they had been stored for 24 hours at 0°C. Enzyme inactiva-
tion at 100°C. for 20 minutes was not carried out with these two specimens.
These same extracts had shown no activity immediately after their prepara-
tion. Moreover, another skin specimen taken one month later from the same
patient revealed no activity. We are unable to account for these results. In view
of the evidence at hand we are of the opinion that the viscosity reducing action
of the two specimens after 24 hours storage may have been non-enzymatic, i.e.,
either due to technical errors or to some other unknown factors.
Our negative findings in normal human and guinea pigs' skin are somewhat
contradictory to the observations of Meyer (5) in rabbits' skin and to the earlier
report of Mayer (6) of assays in guinea pigs' skin. However, our findings are
in agreement with the later report of Mayer (7).
Since in our tests testicular hyaluronidase effected a similar reduction of
hyaluronate viscosity when added to a mixture of inactive human skin and
hyaluronate or to hyaluronate and to buffer solution alone, it would seem that
hyaluronidase inhibitors are not the reason for our negative results in normal
skin. This conclusion is in agreement with that of Wattenberg and Glick (10)
who were unable to detect hyaluronidase inhibitors in rabbit skin.
While there is considerable room for standardization and improvement of
technical procedures in this field of investigation, the validity of the viscosi-
metric method employed in the present studies is demonstrated by the accurate
detection of relatively small amounts of testicular hyaluronidase experimentally
introduced into the skin.
Moreover, two batches of substrates from different sources and in three dif-
ferent concentrations, two different buffers, three methods of preparing tissue
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suspensions and two extracting procedures were used in the attempts to detect
enzymatic activity.
What appeared to be definite viscosity-reducing activity was found in the skin
extract from a patch of dermatitis her petiformis. The enzymatic activity was
abolished by heating at 100°C. for 20 minutes. Repetition of the assay 3 months
later with the extract from another specimen of the same patient's skin lesions
again showed definite activity. In view of the many negative results with other
skin extracts in our own tests and the negative findings of Hunt and Minot
(11) in pemphigus, we feel that this observation might prove to be of considerable
interest and possibly of fundamental significance. However, many further assays
with extracts from patches of dermatitis herpetiformis will be necessary to
ascertain whether our observation was merely a chance finding or whether it is
characteristic for dermatitis herpetiformis.
From a theoretical viewpoint there is a possibility that we may not merely
be dealing with a chance finding. As was previously pointed out, the action of
hyaluronidase on hyaluronic acid leads in the skin to a liquefaction of the ground
substance and also to increased hydration. The newer studies, particularly those
of Feisher (15, 16) have shown that the adherence of the epidermis to the cutis
is not due to a basement membrane but rather to physicochemical cohesive
forces. Feisher also has pointed out that the disturbances of the colloidal state
of the cutis in the direction of increased hydration tend to decrease the cohesion
of the epidermis and cutis and increase the tendency to bulla formation. Per-
haps then the presence of hyaluronidase in the skin in dermatitis herpetiformis
would explain the abnormal hydration of the cutis and with it the tendency to
blister formation in this disease.
Very slight enzymatic activity was also found in the tissue extract from an
eruption for which no accurate diagnosis could be established but which may
have been either keratosis follicularis or chronic familial benign pemphigus.
No activity was detected in extracts from lichen chronicus simplex, contact
dermatitis and sebaceous adenoma.
Contrary to the observations of Glick and Grais (9) with rabbit skin, human
extracts autolyzed in our laboratory according to the method suggested by
Meyer (5) were sterile, free from odor other than toluene, and those revealing
enzymatic activity were inactivated at 100°C. for 20 minutes.
Sterility of the materials employed was ascertained at the various stages of
each test and bacterial contamination can thus not be held responsible for the
few positive results obtained. Heating of the skin extracts to 60°C. for 15 to
20 minutes caused some reduction in activity in all extracts; and heating to
100°C. for 20 minutes regularly inactivated all extracts. This is in agreement
with the observations of Duran-Reynals (2) and Kass and Seastone (13).
8UMMRY
1. Extracts of normal human skin from allergic patch test reactions and nor-
mal and burned guinea pig skin showed no hyaluronidase activity in viscosi-
metric assays.
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2. Extracts of human skin from areas of lichen chronicus simplex circumscrip-
tus, contact dermatitis and sebaceous adenoma showed no hyaluronidase activity
in viscosimetric assays.
3. Extracts of skin from a patient with dermatitis herpetiformis showed defi-
nite hyaluronidase activity. Should this finding be a constant one in other cases
of dermatitis herpetiformis, it might well explain the increased hydration of
the corium and the tendency to blister formation in this dermatosis.
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